Early nuclear events in lymphocyte proliferation. The role of DNA strand break repair and ADP ribosylation.
The previously reported extensive DNA strand breakage in resting murine splenic lymphocytes is not an artifact of the extraction or assay procedure. The benzamide inhibitors of poly(ADP ribose) synthetase (pADPRS), such as 5-methoxybenzamide (MBA), had been shown to block the strand break repair occurring within 2 h of activation of splenic lymphocytes by the mitogen concanavalin A (conA); the inhibitors also blocked early events in proliferation, such as blast formation, as well as entry into S phase. Inhibitors of pADPRS blocked lymphocyte proliferation by inhibiting the activity of this enzyme, rather than by non-specific effects. Aphidicolin, an inhibitor of alpha-polymerase, also prevented DNA strand break repair in conA-stimulated cells but, unlike MBA, did not prevent blast formation. DNA strand breaks accumulated in the presence of MBA at the same linear rate (300-400/h) in both resting and conA-treated cells. We and others had hypothesized that this accumulation was due to a continuous production of strand breaks in lymphocytes, leading to their accumulation in presence of repair inhibitors. However, incubation of the cells with aphidicolin at concentrations that inhibited repair did not result in any increase in strand breaks. The hypothesis of continuous cycling of breaks is incorrect; accumulation of breaks was due to some indirect effect of MBA, such as a possible disinhibition of an ADP-ribosylation-sensitive endonuclease described in other cell types. All of the early stages of lymphocyte proliferation, including blast transformation (but not DNA synthesis) require ADP ribosylation. Repair of DNA strand breaks is not a precondition for blast formation, though experiments involving the combined effects of MBA and aphidicolin showed that repair of the breaks is essential in order for the cells to replicate their DNA. Our data are consistent with a model suggesting that DNA strand breaks introduced into differentiated cells act as an additional safety-catch mechanism that restrains them from replicating their genetic material but not from undergoing the early stages of proliferation.